ABSTRACT
INTRODUCTION
The selective detection of mRNA expression, originating from the gene of interest after transfection or transduction experiments, is often difficult because of the presence of contaminating DNA in RNA preparations. Thus, the expression vector, either episomal or integrated into the target cell genome, may serve as a PCR template, leading to false-positive results. Furthermore, it is desirable to distinguish between vector-derived mRNA and the endogenous host cell transcript.
Viral transduction using retroviral transfer vectors is a powerful method for the stable insertion of genes into eukaryotic genomes, especially when conventional transfection techniques result in low efficiencies (7) . Moreover, it is the method of choice for the specific cell targeting of retroviruses harboring therapeutic genes (1). Transduction is done by transfecting, either stably or transiently, a suitable packaging cell line with a retroviral transfer vector, followed by the infection of the target cell.
To analyze the function of the human T cell death-associated gene 51 (hTDAG51), it was cloned into a retroviral transfer vector harboring a doxycycline (dox)-inducible promoter, followed by the transduction of Jurkat T cells. hTDAG51 was shown to inhibit luciferase mRNA translation in mammalian cells (5) , and its murine homologue induced Fas/CD95-mediated apoptosis of a T cell hybridoma (8) . The microinjection of rat TDAG51 into neuronal cells also induced programmed cell death but in a Fas/CD95-independent manner (2).
Dox-induced transcription of hTD -AG51 in Jurkat T cells was analyzed by synthesizing the doublestranded cDNA, followed by circularization. Amplification was performed using our recently developed and simplified inverse RT-PCR protocol (4) . The size of the PCR products obtained with the outward-directed primers allowed us to distinguish between contaminating DNA templates and vectorderived mRNA/cDNA. To reduce the number of contaminating DNA templates, restriction digestion was performed before amplification.
MATERIALS AND METHODS
hTDAG51 (GenBank ® accession no. Z50194) was cloned into pRev-TRE (BD Biosciences Clontech, Palo Alto, CA, USA), allowing its dox-inducible expression. As a packaging cell S h o r t Technical Re p o r ts line, we used RetroPack PT67 (BD Biosciences Clontech) expressing an amphotropic murine leukemia virusderived env gene. Our target was the human acute T cell leukemia Jurkat Tet-On (BD Biosciences Clontech). After transduction, total RNA was isolated with RNeasy ® (Qiagen, Hilden, Germany) from 2 ×10 6 Jurkat cells. Proviral transcripts were detected using a simplified and improved inverse RT-PCR protocol (4). The double-stranded cDNA was synthesized, followed by circularization with T4 DNA ligase. The detection of the dox-induced transcripts was done by PCR amplification with primer 1, specific for hTDAG51, corresponding to nucleotides 1282-1299 of the published cDNA sequence (sense, 5 ′ -CAAATACCGCACCCA -CAC-3 ′ ) and primer 2 from the 5 ′ end of the induced transcript (vector-specific, antisense, 5 ′ -GTGTCTTCTATG -GAGGTCA-3 ′ ). The presence of Q-Solution (Qiagen) was found to be crucial for efficient amplification. GAPDH was amplified from genomic DNA of cell line THP-1 utilizing pr imers GAPS, sense, 5 ′ -GCAGGGGGGAGCCAAAA -GGG-3 ′ and GAPA, antisense, 5 ′ -TGC -CAGCCCCAGCGTCAAAG-3 ′ . As positive control for the amplification of expression vector pRevTRE harboring hTDAG51, we used primers TRES, sense, 5 ′ -TGGAGACGCCATCCACGC -TG-3 ′ and TREA, antisense, 5 ′ -GCGT -TACTTAAGCTAGCTTG-3 ′ , which are located directly upstream and downstreamof the multiple cloning site, respectively. After 40 cycles at an annealing temperature of 60°C, PCR products were separated on 1% agarose gels. The cloning of the PCR products was done by TOPO ® TA Cloning (Invitrogen, Carlsbad, CA, USA).
RESULTS
hTDAG51 was cloned into the retroviral transfer vector pRevTRE harboring a dox-inducible promoter. After transduction of Jurkat T cells and growth in selection medium, induced hTDAG51 mRNA expression was analyzed by RT-PCR. However, PCR products were readily obtained without prior reverse transcription, probably due to a DNA contamination (i.e., episomal transfer vector molecules and/or genomic DNA harboring the integrated vector genome). Thus, we employed an improved inverse RT-PCR strategy that we recently developed (4). Inverse PCR, together with other amplification strategies, has originally been used to analyze unknown flanking regions of genomic DNA, for example, to determine the landing sites of viruses and transposons (3, 6) . Our improved method is fast (results within 24 h, including RNA isolation, cDNA synthesis, circularization, restriction digestion, PCR, and gel analysis) and easy to handle because laborious purification steps after cDNA synthesis and circularization are omitted. Moreover, phenol-extraction to completely remove residual DNase activity, which would otherwise interfere with cDNA synthesis, is unnecessary.
Two different transcripts were expected to be present in dox-induced cells: ( i ) a long terminal repeat (LTR)-derived mRNA that is constitutively expressed and ( ii ) a shorter dox-induced mRNA (Figure 1 ). To specifically distinguish the latter one from contaminating genomic DNA and the LTR-derived , and clone 11b2, were tested for hTDAG51 transgene expression after digesting doublestranded cDNA with Bgl II, followed by amplification with primers 1 and 2. The same cDNA were used for GAPDH amplification to estimate the cDNA amounts. Jurkat, non-transduced Jurkat T cells (b) Specific PCR products were not obtained using either increasing amounts of expression vector pRevTRE harboring hTDAG51 alone or genomic DNA alone. 0-PCR, PCR without template; bp, base pairs; +, -, +dox, -dox; +1 pg, positive control using an inward directed primer pair (Materials and Methods) demonstrating the amplifiability of 1 pg pRevTRE harboring hTDAG51; +500 ng, positive control for the amplifiability of genomic DNA using primers GAPS and GAPA. The amount of template used is indicated on top of each lane. Vector DNA was digested with Bgl II before amplification.
cDNA, we amplified circularized double-stranded cDNA with outward-directed PCR primers, one hTDAG51-specific and one complementary to the 5 ′ end of the dox-induced transcript, respectively. This was expected to result in a 700-bp PCR product, whereas LTR-derived cDNA and the transfer vector were expected to result in products greater than 3 and 6 kb-too long for efficient amplification using standard cycling conditions (1-min extension). To reduce the number of the latter two templates, they were linearized by restriction digestion with Bgl II before amplification (Figure 1 ). Figure 2a shows that PCR products of the expected length (700 bp) were obtained in several Jurkat T cell lines and clones after dox-induction. Moreover, we studied the difference between the induced and the non-induced state in one Jurkat T cell line and a T cell clone derived from that line. This indicated that hTDAG51 mRNA expression is inducible, although it was detectable even in the absence of doxycyclin. Cloning and sequencing the inverse PCR product obtained from T cell line T2a demonstrated the presence of head-totail ligated molecules, including a poly(A) tail of varying length (data not shown). As negative controls, we performed inverse PCR with non-transduced Jurkat T cells (Figure 2a) , the transfer vector alone, and cellular DNA alone (Figure 2b ). PCR products were not detectable in Jurkat T cells, with the transfer vector alone (1-1000 pg), or with genomic DNA alone (5-500 ng).
DISCUSSION
Here, we developed an inverse RT-PCR amplification strategy to detect expression of vector-derived mRNA, even in the presence of contaminating DNA templates. The amplification of genomic DNA and cDNA obtained from endogenous transcripts was excluded because of the use of outward -directed PCR primers and circularized templates. LTR-derived cDNA and episomal expression vector molecules were removed by restriction digestion. Residual undigested templates were not amplified because of an expected product length greater than 3 and 6 kb, respectively. Because the occurrence of the induced mRNA was restricted to the target cell, its detection demonstrated both successful integration and mRNA expression. Our preliminary results suggest that we established dox-inducible cell lines and clones. These cells will now be used to further validate inducible hTDAG51 expression at the protein level. Expres -S h o r t Technical Re p o r ts sion in the absence of dox-induction might be omitted by using growth medium that is free of any tetracyclinelike antibiotic contamination that might be introduced with the serum.
In conclusion, the method described here allowed us to quickly check for mRNA expression after gene transfer into target cells, even in the presence of specific DNA templates.
